• Although there have been some studies on the features of primary osteosarcoma in elderly patients, few have examined the long-term prognosis. We evaluated the clinical features of elderly patients with primary osteosarcoma and found that survival was relatively long in spite of a poor prognosis.
and only deceased patients. Results: In all patients, the frequency of chemotherapy in the older group was significantly lower than in the younger group (p < 0.001), and tumors were more frequent in axial bone in the older patients (p = 0.041). Only in patients with surgical treatment, histological effectiveness after chemotherapy in the older group was lower than in the younger group (p = 0.041). The older patients showed a poorer prognosis (p = 0.031). However, the 5-year overall survival rate in the older patients was more favorable than that in the younger patients only among deceased patients (p = 0.032). Only the existence of metastasis affected the prognosis in older patients (p = 0.012). Conclusion: Primary osteosarcoma in elderly patients showed a high incidence of axial bone involvement, a low rate of chemotherapy, and resistance to chemotherapy. Although the final life prognosis is poor, survival may be relatively prolonged.
Introduction
Osteosarcoma is the most common malignant bone tumor in childhood. However, this tumor has another peak of incidence in the elderly. Osteosarcoma patients older than 40 years comprised about 30% of all Japanese osteosarcoma patients from 2006 to 2015 [1] . Although the clinical and pathological features of osteosarcoma in adolescent patients have been well described, there are relatively few studies on the features of osteosarcoma in elderly patients [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . Various reports have stated that older patients with osteosarcoma show a poorer prognosis than do adolescent patients, regardless of comprehensive treatment including surgery and chemotherapy. However, most of these studies included the sarcomatous transformation of Paget's disease of bone and secondary osteosarcoma after irradiation [2] [3] [4] [5] [6] [7] 11 ]. Paget's disease is uncommon in Asians, and elderly Asian patients with osteosarcoma are mostly considered to have primary osteosarcoma [5, 9] . Although several reports on only primary osteosarcoma in elderly patients were published in recent years, few have examined the long-term prognosis. In addition, some reports included all patients and others included only patients who had surgery involving extremity bone and no metastasis, and the study objectives also differed [8] [9] [10] [11] [12] [13] [14] .
The aim of this study was to analyze the clinical features and prognostic factors of elderly patients with osteosarcoma.
Materials and Methods

Subjects
We reviewed 112 cases of osteosarcoma involving the extremities or axial bones with or without metastasis in 2 hospitals between 1980 and 2016. Among them, we excluded patients with insufficient information (15 cases) or with secondary osteosarcoma due to Paget's disease or irradiated bones (3 cases); finally, a total of 94 consecutive patients were included in this retrospective study (48 males and 46 females, mean age: 31 years, range: 7-84). Because many previous clinical trials of osteosarcoma in older patients set the inclusion criteria up to 40 years, we also divided patients into 2 groups at the age of 40 years [2, 3, [8] [9] [10] [11] [12] [13] [14] . In these sample, a total of 28 patients (31%) were aged 40 years or older.
Patients' information was collected, including age, sex, tumor type, anatomical location of the tumor, metastasis at diagnosis, stage of the primary tumor, treatment-related factors, local and distant relapse, follow-up period, and outcome. The stage of the primary tumor was determined according to the staging system of the American Joint Committee on Cancer (AJCC), 7th edition [15] . We obtained some information about the type of local therapy, the rate of chemotherapy and its histological evaluation (Rosen and Huvos criteria), and the surgical margin (Enneking criteria) in those who had surgery as treatment-related factors [16] . In the absence of any events, the date of the last follow-up was considered an end-point. Overall survival (OS) was defined as the time period from the date of diagnosis to death or the last follow-up.
In our series, we compared these clinical courses and results between the patients aged 40 years or older (older group) and those aged 39 years or younger (younger group), and we assessed the differences between the 2 groups only in deceased patients. Furthermore, we compared only patients who underwent surgery with extremity bone osteosarcoma. In addition, we examined factors affecting the prognosis of older patients. This study was approved by the Institutional Review Board for Clinical Research at our university, and informed consent was obtained from all of the patients enrolled into this study.
Statistical Analysis
All values are expressed as the means ± SD. The Student t test, the Welch t test, and the χ 2 test were used to compare the items between the 2 groups. The curve for OS was drawn according to the Kaplan-Meier method, and differences were analyzed by applying the log-rank test. Multivariate logistic regression analysis was used to identify prognostic factors. p < 0.05 was considered statistically significant.
Results
The median follow-up period in all of the surviving patients was 138 ± 88 months (range: 12-372), and that of the patients who died was 37 ± 36 months (range: 1-143). Histologically, 87 of the 94 patients had a conventional osteosarcoma (50 were osteoblastic, 14 were chondroblastic, and 11 were fibroblastic). Excluding the conventional type, 5 were telangiectatic osteosarcoma, 1 was small-cell osteosarcoma, and 1 was high-grade surface osteosarcoma. The sites of primary lesions were the extremities in 88 patients (94.6%) and axial sites in 6 (5.4%) as follows: distal femur in 38, proximal tibia in 18, proximal humerus in 8, proximal femur in 8, proximal fibula in 7, pelvis in 5, distal humeral in 2, distal tibia in 2, patella in 1, proximal radius in 1, distal radius in 1, metacarpus in 1, calcaneus in 1, and sacrum in 1 patient. According to the AJCC staging system, 22 patients were classified as IIA, 57 were IIB, 3 were III, 9 were IVA, and 3 were IVB, and metastasis at diagnosis was observed in 12 (12.8%) of all of the patients. Chemotherapy, such as neoadjuvant chemotherapy and chemotherapy after relapse, was administered to a total of 83 patients (88.3%). The other 11 patients did not undergo chemotherapy due to patient refusal and/or internal comorbidity. Various chemotherapy regimens, including T-10, T-12, NSH-7, NECO95, JCOG0905, ifosfamide, ifosfamide-doxorubicin, methotrexate-ifosfamide, etoposide, and etoposide-ifosfamide, Med Princ Pract DOI: 10.1159/000500404 were administered [17] [18] [19] [20] [21] . Surgery for the primary tumor was conducted in the 86 patients (91.5%), and an adequate tumor-free margin was achieved in 84 patients (97.7%). Information about histological evaluation after chemotherapy was available in 75 patients. According to Rosen and Huvos criteria, 29 patients were classified as grade I, 11 were grade II, 26 were grade III, and 9 were grade IV. Radiotherapy for the primary tumor was conducted for 8 patients (8.5%), including heavy particle irradiation in 2 patients and proton beam radiotherapy in 2 patients. The outcomes of all of the patients were as follows: 47 patients had no evidence of disease and none of them were alive with disease, while 47 patients had died of disease (Table 2) .
In all patients, the rate of chemotherapy in the older group (64.3%) was lower than in the younger group (98.5%) (p < 0.001), and the tumor was common in axial bone in the older group (14.3%) (p = 0.041) ( Table 1) . The outcome at the final follow-up in the older group revealed a poorer prognosis than in the younger group (p = 0.024) ( Table 2) . Kaplan-Meier OS curves between the 2 groups showed a significant difference (p = 0.031) (Fig. 1) . Only in patients with surgical treatment for extremity bone, the rate of chemotherapy in the older group (69.6%) was lower than in the younger group (98.4%) (p < 0.001), and histological effectiveness after chemotherapy in the older group was lower than in the younger group (p = 0.041) ( Table 1) . The outcome at the last follow-up in the older group showed a poorer prognosis than in the younger group (p = 0.041) ( Table 2) . Kaplan-Meier OS curves between the 2 groups showed no significant difference (Fig. 2) . Only in deceased patients, the rate of chemotherapy in the older group (68.4%) was lower than in the younger group (100%) (p = 0.003). The 5-and 10-year OS rates of the older group were 42.1 and 0%, and those of the younger group were 14.3 and 3.6%, respectively, showing a significant difference in 5-year OS between the groups (p = 0.032) ( Table 3 ). Both in uni-and multivariate logistic regression analyses, only the presence of metastasis affected the prognosis in older patients (p = 0.012) ( Table 4) .
Discussion
Various outcomes regarding older patients with osteosarcoma have been reported with an unfavorable prognosis, and similar results were shown in our study. In addition, the rate of chemotherapy in the older patients with osteosarcoma was lower than that in the younger patients, and osteosarcoma in the older patients was often identified in the axial bone. Several articles reported an increased incidence of axial bone involvement in older osteosarcoma patients [5] [6] [7] [8] [9] [10] [11] . A few reports excluding secondary osteosarcoma showed that the rate of occurrence in axial bone ranged from 20 to 49%, although our study indicated a slightly low incidence (14.3%) [8] [9] [10] . Jeon et al. [9] reported that the chemotherapy implementation rate was 72.7% in patients with osteosarcoma older than 40 years, and our study indicated a slightly low rate (64.3%). In past studies excluding secondary osteosarcoma, the average age of the older patients in each study ranged from 53 to 61 years, and our study included patients with a high average (62.5 years) [8] [9] [10] . In our study, there were 12 patients (43.1%) older than 70 years among the 28 patients with osteosarcoma older than 40 years, and the proportion of elderly patients was high. Chemotherapy for older patients is often contraindicated due to internal comorbidities. Therefore, this may be a reason why the rate of chemotherapy was low in this study. Although some studies have examined the 5-year OS in elderly patients with primary osteosarcoma [8] [9] [10] [11] [12] [13] [14] , few have investigated the long-term prognosis. Manoso Values are expressed as numbers (%) or means ± SD unless otherwise stated. et al. [12] reported the 10-year OS in elderly patients. However, their research was on data from surgically treated patients only. In past studies including only primary osteosarcoma, the 5-year OS in all patients ranged from 38.8 to 41.6%, the 5-year OS in patients with surgical treatment ranged from 44.3 to 71%, and the surgically treated patients had a relatively high survival rate [8] [9] [10] [11] [12] [13] [14] . In our study, the 5-year OS in all patients was 62.3% and that in patients with surgical treatment was 68.4%, and the surgically treated patients had a relatively high survival rate, as noted in the past reports. However, while the 10-year OS in all elderly patients dropped to 31.3%, the 10-year OS in elderly patients with surgical treatment was 48.5% and barely decreased. In addition, the 5-year OS only in deceased older patients was 42.1% and that in deceased younger patients was 14.3%, and older patients showed a significantly higher survival rate. Based on these results, elderly patients often die within 10 years although they survive for 5 years. Some unknown factors affecting the survival period in elderly patients, such as a difference in the speed of metastatic lesion progression and sensitivity to radiotherapy, may be present. Further study is necessary to clarify this. In previous reports, various factors affecting the prognosis of elderly osteosarcoma patients, such as the presence of metastasis at diagnosis, axial bone origin, and non-surgical treatment, have been described based on multivariate logistic regression analysis [8] [9] [10] 22] . Our study partially showed the same result, i.e., that the presence of metastasis markedly influences the prognosis. The site of occurrence may not have been one of the factors worsening the prognosis because of the small number of elderly patients with axial bone osteosarcoma in our study. Although they were not identified as prognostic factors in our study, a lower effectiveness of chemotherapy, nonspecific radiographic findings, and a high proportion of the fibroblastic type were reported as prognostic factors in elderly patients [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . The role of chemotherapy in elderly patients with osteosarcoma remains controversial. However, in our study, the effect of chemotherapy was weak in the elderly patients, and we cannot deny the possibility that this low effectiveness of chemotherapy affected the prognosis.
This study had important strengths in showing novel findings of: (1) some clinical features and results of the long-term prognosis, and (2) a relatively long-term survival in deceased elderly patients with primary osteosarcoma. However, the limitations of this study should also be noted. First, one of the main limitations of this study was differences in treatment. Various chemotherapy regimens were administered to osteosarcoma patients, and radiotherapy was performed in some patients along with surgical treatment. However, the number of patients was small, making it difficult to strictly comply with the criteria for target patients. Second, we could not collect detailed information about comorbidity in this study. Elderly patients have more comorbidity, and this may have affected postoperative complications and the prognosis. We need to perform further detailed studies involving a larger number of elderly patients with primary osteosarcoma and collect comorbidity information. Finally, although we compared only deceased patients, elderly people generally have a poorer prognosis than young people, and a large bias in age may affect the results. However, it is important to examine the longterm prognosis of elderly patients in detail in countries with an aging population, such as Japan, and we would like to emphasize that this represents the first study to focus on the long-term prognosis of elderly patients. We were unable to conduct additional research examining the influence of this bias in this study, and so we need to consider this in a future study.
